Recovery from Mg deficiency was studied in adult Wistar rats fed a semisynthetic diet containing 0.04%Mg in the form of magnesium carbonate. Daily administration of a diet containing recom mended levels of calcium carbonate to Mg-deficient rats led to the recovery, within the first seven days of treatment, of normal values in most of the parameters studied: gain in weight/day, and Mg retention and content in the Longissimus dorsi muscle and femur. Mg levels in whole blood, however, did not fully recover until the second week of treatment. Net Ca absorption (ADC) and balance were significantly higher in Mg deficient rats than in controls and remained elevated although to a lesser extent in the femur. Longissimus dorsi muscle, blood and plasma were unchanged by Mg deficiency.
shows that rats fed an Mg-deficient diet (Group 2) gained significantly less weight in g/day than control group rats. Body weight in Group 2 rose to nor mal during the first week of treatment with the Mg-enriched diet. Food intake (expressed as grams dry matter ingested/day) was unchanged in all three groups studied.
In Table 2 , Mg-deficient rats which were fed a diet containing magnesium carbonate recovered in terms of cation absorption during the first week of changing to the new diet. Cation absorption in these animals had fallen due to Mg deficiency. The ADC of Mg was similar in all three groups despite the fact that deficient rats in Group 2 presented lower intake and fecal excretion levels of the cation.
Mg retention decreased in deficient animals but rose to above control levels within a week of starting the diet with an adequate Mg content.
As Table 3 shows, Ca absorption increased in deficient animals (Group 2) in comparison to controls (Group 1). This parameter returned to normal during the first week on the Mg-enriched diet.
ADC and Ca balance were significantly higher in Mg-deficient rats than in controls and remained so, although to a lesser degree, in the former (Group 2) during the first week of the recovery period. ADC and Ca balance figures in Group 3 reached control levels during the second week of treatment. Hematocrit and plasma Mg were similar in all three groups investigated (Table 4 ). The drop in blood Mg in the deficient state was gradually overcome, reaching control values by day 14 of treatment with the Mg-rich diet . Table 5 presents data indicating that in deficient rats Mg content in the Longissimus dorsi muscle expressed as mg Mg/dry matter was significantly lower than in controls. Muscular levels of Mg cation, however, regained normality in Group 3 rats within a week of being changed to the control diet. Muscular Ca content was apparently not influenced by Mg deficiency.
Figures for bone Mg contents can be seen in Table 6 ; Mg/g femur and Mg/g femur ash were significantly below control values in deficient rats , although these parameters returned to normal or practically normal during the first seven days of a diet with adequate amounts of Mg. Ca content in the femur was similar in all three groups studied.
DISCUSSION
After being fed a Mg-poor diet (0.015%) for a period of 30 days , blood levels of Mg fell considerably which was taken as a clear sign of deficiency (11). These animals also presented the classical signs of deficiency as described by Krause et al. (2) including irritability, peripheral vasodilation , alopecia, and trophic cutaneous lesions.
The weight loss seen in deficient animals to return to normal during the first week of recovery was evidently due to the shortage of Mg in the diet (12) , as food intake was similar in all three groups and remained constant throughout the study. During the 30-day experimental recovery period, variations were noted in weight gain which were considered normal for animals of this age, as neither males nor females at this stage of life have reached their growth plateau (13).
The higher levels of digestive utilization of Mg obtained under our experimen tal conditions, when compared with results described in the literature (1), could be due to one of the following: 1) the amount of dietary Mg (0.04%), in light of the fact that this substance given in the form magnesium carbonate representing 0.075% of total food intake yields lower net absorption values for Mg (14) similar to those found by other authors (1).
2) the nature of the magnesium compound used to deliver Mg in the present study, as the Mg salt anion is known to influence this compound's solubility in membrane lipids, facilitating or hindering intestinal transport (6). This may be the reason behind the good digestive utilization of magnesium carbonate when given to rats in sufficient amounts to satisfy tlis animal's requirements (15) and thus warrants its use in the recovery of Mg-deficient animals.
The drop in net Mg absorption in deficient rats under our experimental conditions (ADC 56%) in comparison to figures in the literature for diets poor in this ion (ADC 75%) (16) could be explained by one of the following phenomena: 1) Fecal excretion in deficient rats might approach the endogenous limit of fecal excretion to the point where further decrease was impossible in spite of an extremely reduced Mg intake. This hypothesis could, however, be inaccurate if the rats were shown to behave like man in this respect, as under conditions of poor dietary Mg supply, fecal excretion has been shown to fall to undetectable values (17). 2) Mg absorption is known to be closely related to the nature and solubility of the source of Mg used (3) (4) (5) . Under the present experimental conditions, in which all Mg supplied was derived exclusively from the raw materials used to prepare the feed, it is possible that the Mg source was not easily soluble , which would explain the lower absorption figures obtained.
3) Alterations may have arisen in the transport system or at the level of the erythrocyte, which could have impeded levels of absorption high enough to compensate, as far as possible, for the low Mg intake.
Net Mg absorption in deficient rats subsequently fed a diet containing adequate amounts of Mg rose during the first week in comparison to control animals, owing to a slight drop in fecal excretion.
These results lead us to believe that under the present experimental conditions, the amount and quality of dietary Mg as well as endogenous fecal Mg excretion should be ruled out as causes. Furthermore, if any alterations occurred at the erythrocyte level or in the intestinal wall transport system in deficient animals , they were probably short lived as an adequate supply of Mg not only led to a rapid normalization of the biological parameters and indices studied but actually forced above-normal levels of cation absorption.
Higher Mg absorption levels were responsible for the greater retention seen during the first week of recovery and also led to the rise in muscular and bone Mg content in deficient animals until values similar to those in control rats were reached.
The return of deficiency-depressed blood Mg values to normal took place after the first 15 days of treatment, demonstrating that the erythrocyte is the compart ment which most clearly reflects Mg deficiency. In agreement with Smith et al . (11) we consider the red blood cell as the most suitable entity through which to assess deficient states.
During the second week a slight, nonsignificant tendency was observed toward a rise in Mg absorption while urinary excretion remained unchanged , yielding a marginally higher balance in deficient animals than in controls . This minimal increase in Mg retention was nonetheless sufficient to return blood values to normal by the end of the second week.
Brannan et al. (18) have suggested that different , independent systems of transport may exist for Ca and Mg. Nevertheless, given our experimental conditions this seems unlikely, as net Ca absorption doubled in deficient animals , indicating that the Mg-deficient diet facilitated Ca absorption in the absence of competition for the same transport system. These results support the idea of common transport mechanism for Ca and Mg put forth by MacIntyre (8) and Alcok and MacIntyre (7).
When deficient rats were started on the Mg-rich diet, digestive utilization of Ca during the first seven days reached levels below those in rats kept on the deficient (Group 2) diet but above control levels, owing probably to the fact that in our experimental design Ca absorption was expressed as the mean of seven daily measurements. These findings are suggestive of a return of digestive processes to normal in deficient rats, probably within the first few days of recovery .
Mg-deficient rats possess an effective metabolic utilization of Ca throughout the first week of recovery, although ADC is lower than that calculated for Mg -deficient animals. The elevated Ca balances seen in both groups of animals is the result of higher levels of cation absorption, given that urinary excretion showed no change. The rise in Ca retention just alluded to was accompanied by normocalcemia and no change in bone and muscle Ca levels, possibly indicating that the Ca retained may have moved to a different compartment. If this new compartment were the kidney the formation of stones would very likely be favored as consequence (16).
